SUMMARY The effects of an exercise program started early after myocardial infarction and the added effects of an outpatient teaching-counseling program were studied. At random, 84 patients were allocated to a control group (A), 88 patients to an exercise group (Bi) and 86 patients to an exercise and teaching-counseling group (B2). The same exercise program was prescribed for patients in groups Bi and B2 and was started about 4.5 days after myocardial infarction and continued for 3 months. The outpatient teaching-counseling program consisted of eight group sessions pertaining to risk factor reduction and psychosocial adjustment to myocardial infarction. A low-level treadmill test and an exercise test were performed at 3 months and the exercise test was repeated at 6 months. The clinical, hemodynamic and electrocardiographic responses to these tests were not different among the three groups. However, by the end of 3 months, patients in group B1 and B2 reported walking greater distances than patients in group A. The incidence of morbidity and mortality was not different between the groups.
IN RECENT YEARS there has been a trend toward early mobilization and discharge of patients after acute myocardial infarction.1 Evidence for the safety of this practice has been presented from controlled and uncontrolled studies.24 One study demonstrated that regular exercises started 2 months after myocardial infarction and maintained for 3 months improves hemodynamic function." Accordingly, recommendations have been made' 7 for initiation of in-hospital exercises after myocardial infarction.
Although there is evidence that cardiac rehabilitation achieved by a multidisciplinary team approach reduces the incidence and severity of adverse psychosocial reactions to the acute illness,8 neither the benefits and hazards of early exercises nor their maintenance through the convalescent phase has been studied. We designed a controlled, randomized study to determine the effects of early exercises and also of teaching and counseling after myocardial infarction. Early in-hospital exercise was found not to improve low-level treadmill performance by the time of discharge.9 In this study, we sought to determine whether an exercise program started early after myocardial infarction and continued for 3 months would improve subsequent exercise performance and outcome. We also hypothesized that teaching and counseling in addition to exercise might result in greater adherence to the exercise program and further improvement in exercise performance.
Methods
For this prospective randomized trial, 6561 patients admitted to coronary care units in seven Seattle hospitals were screened for eligibility for study from September 1, 1977, to December 2, 1979 . Of these, 1418 had confirmed myocardial infarctions by two of three criteria: a history of chest pain, electrocardiographic changes and enzymatic changes. Two hundred fifty-eight patients met all of the screening criteria and were enrolled in the study. Table 1 is a list of reasons for excluding patients from the study. A 6-month follow-up was completed May 1980. The Human Subjects Review Committee requirements for informed consent were observed.
Randomization
Randomization was designed so that every patient in every hospital had an equal chance to be assigned to one of three groups: A, a control group; B1, a group of patients who were provided with an exercise program in the hospital and a continued exercise program during weekly clinic appointments for the first 3 months after discharge; and B2, a group of patients who were provided with the same exercise program as the Bl group and were also given a teaching-counseling program about risk factors and emotional adjustment after discharge from the hospital.
Control Group
Patients in group A received conventional medical and nursing management throughout all phases of hospitalization and convalescence at home. The inhospital exercises for patients in the exercise groups, B1 and B2, consisted of passive and active arm and leg exercises performed in bed with a system of pulleys and weights, gradually progressing to an out-of-bed calisthenic and walking program requiring an energy expenditure of 2-3 metabolic equivalents (mets*).lO 12 On the day before discharge from the hospital, a lowlevel treadmill test was performed to evaluate the effects of in-hospital exercise and to form the basis for further exercise prescription after discharge.
Exercise Groups
The outpatient exercise program was identical for the patients in groups Bl and B2. It consisted of a gradually progressive calisthenic and walking program prescribed at weekly 30-minute clinic visits and performed by the patient at home. Patients were instructed to exercise twice a day until they returned to work and once a day thereafter. They were taught to monitor themselves during the exercises for adverse symptoms such as dizziness, shortness of breath and chest discomfort, and signs such as excessive heart rate increase, as taught during hospitalization. The specific calisthenics for upper-body musculature and the walking program that were given to the patient have been described.10 If the patient was symptomfree, the prescription was gradually increased over the succeeding weeks to The hemodynamic responses to the low-level treadmill test at the 3-month visit were compared with those to the low-level treadmill test at the time of discharge. Similarly, hemodynamic responses to the exercise test at 6 months were compared with those to the exercise test at 3 months. Analysis of variance and an unpaired t test were used to detect differences between groups cross-sectionally and the paired t test was used to compare differences within each group over time. Differences in proportions were tested by chi-square analysis. Differences were considered significant if p < 0.05.
Results
Seven hospitals provided the study sample. Fortyseven percent of the patients came from health maintenance organizations, 40% from private hospitals and 13% from teaching hospitals. The mean age (± SD) of the patients was 57.1 ± 7.3, 55.6 ± 9.3 and 56.3 ± 8.3 years in groups A, Bl and B2, respectively. More than 80% of the patients in each group were male, Caucasian and married. The median years of education and income, work status, and Hollingshead socioeconomic index17 were similar in the three groups. Twenty-three percent of the patients in group A and 12% in groups Bl and B2 reported a history of myocardial infarction (NS). Patients in group A reported a higher prevalence of a family history of coronary artery disease (60%) than patients in group B1 (48%) or group B2 (46%) (NS). Risk factors for coronary artery disease and events in the medical history of significance were similar in all three groups.
Electrocardiographic location of infarction was equally distributed among the three groups. Killip classifications for severity of illness'8 were also similar, as were complications during initial hospitalization.9 Patients in the A, Bl and B2 groups were discharged an average 10.3 ± 2.7, 10.7 ± 3.7, and 10. 15 .8% and at the end of 6 months, 25%. The rates of attrition in the three groups at the end of 6 months were comparable. None of the patients in group A, two patients in group B1 and four in group B2 had cardiac surgery during initial hospitalization. After discharge, eight patients in group A, two in group Bl and three in group B2 had cardiac surgery.
Exercise Program Results
Patients in group A reported walking greater distances once a day at least three times a week immediately upon discharge from hospital compared with patients in groups Bl and B2 ( fig. 1 ). However, by 3 months, patients in groups Bl and B2, who received weekly exercise prescriptions, walked significantly (p < 0.001) greater distances at least three times a week (2.4 and 2.2 miles, respectively) than patients in group A (1.5 miles). Also by the end of 3 months, patients in groups B1 and B2 had exceeded their preinfarction level of activity, whereas patients in group A, who had had a higher met level than group B1 and B2 patients before their myocardial infarction, were below their own preinfarction levels of activity (table 3) .
To compare the responses to the low-level treadmill test at discharge and at 3 months and to the exercise test at 3 months and 6 months, only data from patients who performed the tests at both times were pooled, so that the differences within each group over time could be assessed. Because propranolol modified hemodynamic response to exercise,19 responses of patients in each group who were not receiving propranolol were analyzed separately and were found to be not significantly different from the responses of patients who were not receiving propranolol. Data for patients in each group and across time are presented in tables 4-9.
Response to Low-level Treadmill Test Clinical and electrocardiographic responses to the low-level treadmill tests are shown in table 4. There were no significant differences among the groups in the number of patients who finished the test or in the prevalence of chest pain, fatigue, excessive heart rate increase, arrhythmias or ST-segment displacement either at the time of hospital discharge or at 3 months. The hemodynamic responses to the low-level treadmill test at hospital discharge and at 3 months are shown in table 5. There were no differences among the groups in the hemodynamic responses to either lowlevel treadmill test.
The differences in hemodynamic responses between the low-level treadmill test at hospital discharge and low-level treadmill test at 3 months were examined for the total group, since there were no differences EARLY EXERCISE PROGRAM AFTER MI/Sivarajan et al. .003 *Hypothesis test of difference in proportions in columns 1 and 2, meaning proportion I = proportion 2 = 0.50; i.e., if a patient changed status, the change was as likely to be a regression as an improvement.
Abbreviation: LLTT = low-level treadmill test.
the time of hospital discharge showed the three groups to be similar. Results of the low-level treadmill test and exercise test at 3 months showed that the exercise program did not have a conditioning effect on patients in either group Bl and B2. The influence of propranolol on the conditioning effect of the exercise program could not be discerned, because even the subset of patients in groups B1 and B2 not receiving propranolol failed to show improvement in performance. Improvement in clinical and hemodynamic response to exercise stress during the first 3 months was evident in all'three groups when performance on the low-level treadmill test was compared with performance at discharge. This is attributable to spontaneous recovery from bedrest and left ventricular dysfunction and confirms recovery trends reported by Wohl and associates.24 The decreased prevalence of ST-segment elevation during the low-level treadmill test at 3 months is similar (table 7) to the observations made by Atterhog et al.25 using a symptomlimited test 6 months after myocardial in-farction and can also be attributed to recovery. The exercise program was initiated on about the fourth day after myocardial 'infarction. To our knowledge, no other controlled randomized study of exercise intervention has been initiated this early. Considering the unprecedented institution of exercise this early, the intensity was kept low, perhaps too low to produce a conditioning effect. reported the effects of 8 weeks of exercise training on a very select group of patients who were stratified by presence or absence of ischemic responses to a symptom-limited treadmill test 3 weeks after myocardial infarction and were then randomized into a gymnasium-trai'ned group, a' home-trained group (only those without ischemic response), and a control group that received no training. The exercise intensity produced heart rate responses 70-85% of peak values attained during the symptom-limited treadmill test. The highly select group studied by DeBusk et al.,2 performing higher intensity exercises than did patients in our study, demonstrated no statistically significant improvement in functional capacity over that of the control group that recei'ved no training. Only the subgroup of patients without exercise-induced ischemia (ST-segment depression or angina pectoris) showed significant improvement in functional capacity over the control group. The authors concluded that formal training may not be necessary to restore functional capacity after uncomplicated myocardial infarction. Other randomized studies in which higher intensity exercises were introduced at a later stage in the convalescent phase for a longer duration than our study also failed to show significant improvement in functional performance.20 278 In contrast to these studies, Cunningham' et al.81 reported that h'ighintensity endurance training for '2 years after myocardial infarction, compared with low-intensity training, resulted in a significant decrease in heart rate response to exercise. Abbreviations: FAI = functional aerobic impairment; 3M = 3 months; 6M = 6 months.
CI RCULATION 1426
Our activity summary questionnaires revealed that patients in group A performed exercises on their own initiative, so much so that exercise levels reported by patients in groups B1 and B2 did not exceed those of patients in group A until about 6 weeks after hospital discharge ( fig. 1 ). This might have been due to the high level of awareness in this community, where cardiac rehabilitation programs have had wide public support for the past 10 years. Under such circumstances, a structured, low-intensity exercise program might not distinguish the control group from the experimental groups. Exercise prescriptions were stopped at 3 months. Patients in the control group had a smaller decrease in the maximum distance walked between 3 and 6 months, the period during which intervention had stopped in groups Bl and B2. Patients who initiated walking without formalized prescription may have been more motivated to maintain their exercise than patients who received a weekly exercise prescription. This might explain why patients in the control group showed the most improvement in functional capacity after intervention had ceased.
The exercise program did have some influence, as evidenced by significantly greater exercise levels reported by patients in groups B1 and B2 than by patients in group A at the end of 3 months ( fig. 1) . Patients in group A reported higher levels of activity immediately upon discharge from hospital than did patients in groups Bi and B2. This raises an interesting question of whether the general awareness of the risks of inactivity and benefits of exercise induces patients who do not receive specific exercise prescriptions to do more on their own. If so, exercise prescriptions might serve the useful, cautionary purpose of preventing overexertion and its complications.
One tenet of rehabilitation is to return patients to preinfarction levels of activity or, if this is not possible, to return them to a healthier lifestyle. By this measure, the exercise program prescribed for the patients in groups Bi and B2 achieved the purpose within the duration of the follow-up. By the end of 3 months, patients in groups B1 and B2 reported higher (though not significant) activity levels than before their myocardial infarction, whereas patients in group A were still below their preinfarction levels of activity.
Although no beneficial physiologic effects could be discerned, there were no complications directly attributable to the exercise program, since total events were similar in all three groups. Patients who required cardiac surgery during initial hospitalization were in groups Bl and B2, and a greater proportion of patients requiring cardiac surgery after discharge from the hospital were in group A. This suggests that the inhospital exercise program may have helped to identify patients in the B1 and B2 groups who required cardiac surgery. Such patients in group A were identified only after discharge from hospital, when an increase in activity was imposed on them by the demands of daily living. Although the incidence of cardiac mortality among patients in B1 and B2 groups was twice that of patients in group A, this difference was not significant and was quite low. Moreover, significance of mortality rates cannot be accurately assessed when the sample is small, the duration of follow up is short (6 months), and the incidence of mortality itself is low.20 The National Exercise and Heart Disease Project32 and the interim report by Rechnitzer33 have not shown convincing evidence that a program of supervised exercises significantly decreases mortality and morbidity.
This study was also designed to measure the effects of teaching-counseling alone on rehabilitation outcomes. When activity levels and hemodynamic responses to exercise stress in patients in group B2 were compared with those of patients in group B1, no differences could be discerned, leading us to conclude that teaching-counseling offers no physiologic benefits. The teaching-counseling program did significantly improve patients' knowledge about their medications.
In conclusion, routine medical care and our interventions were equally effective in permitting the spontaneous hemodynamic improvement after myocardial infarction. No clinical or physiologic benefit or deleterious effect of structured, formal, early, lowintensity exercises could be demonstrated. Thus, it is difficult to justify the cost associated with structured, formalized exercise programs.
